Nearly half of newly diagnosed cases of bladder cancer are low grade, noninvasive, and papillary tumors. The standard treatment for non-muscle-invasive bladder cancer (NMIBC) has been transurethral resection of the bladder tumor (TUR-BT) with or without adjuvant intravesical instillation (IVI) of chemotherapy or Bacillus Calmette-Guerin (BCG) therapy. NMIBC is known to be associated with high rates of recurrence and risk of progression. In this study, we have retrospectively analyzed the clinical outcome of initially diagnosed multiple low-grade Ta tumors, with a special focus on tumor recurrence and worsening progression (WP) pattern. We retrospectively reviewed 42 patients with primary, multiple, low-grade Ta bladder cancer. We defined WP as confirmed high-grade Ta, all T1 or Tis/concomitant CIS of bladder recurrence, upper urinary tract recurrence (UTR), or progression to equal to or more than T2. The associations between clinico-pathological factors and tumor recurrence as well as WP pattern were analyzed. Tumor recurrence and WP occurred in 23 (54.76%) and 8 (19.04%) patients during follow-up (median follow-up: 57.38 months), respectively. WP to high grade/stage was seen in 8 patients. Multivariate analysis demonstrated that use of tobacco (p < 0.0001) and absence of IVI (p < 0.0001) were significant risk factors for tumor recurrence. The 5-year recurrence-free survival rate for nontobacco users (74.0%) was significantly higher than that for tobacco users (42.5%, p = 0.0001), and also higher for patients receiving intravesical instillation (84.2 vs. 30.0% without IVI, p = 0.0001). Recurrence is common in patients with low-grade, Ta bladder cancer, especially in the setting of multiplicity. Recurrences occurred in 54.76% of patients and WP occurred in 19.04% of patients. Use of tobacco and non-use of IVI were strongly associated with high recurrence rate.
Introduction
Bladder cancer is a common malignancy affecting the urinary tract and is the 7th most common cancer in men and 17th in women [1] . The non-muscle-invasive bladder cancers (NMIBC) which were traditionally known as superficial bladder cancer are malignant urothelial tumors that have not invaded the detrusor (muscle) [2, 3] . Approximately 70% of bladder cancers are non-muscle invasive at presentation. Of these, 70% present as stage Ta, 20% as T1, and 10% as CIS (carcinoma in situ) [4] . The standard treatment for nonmuscle-invasive bladder cancer has been transurethral resection of the bladder tumor (TUR-BT) with or without adjuvant intravesical instillation (IVI) of chemotherapy or Bacillus Calmette-Guerin (BCG) therapy [5] .
It is estimated that 40 to 80% of non-muscle-invasive bladder cancers recur within 6 to 12 months if managed with a TUR-BT without additional therapy, and 10 to 25% will develop muscle-invasive, regional, or metastatic disease [5] . A more aggressive therapy is often required even though an initial complete transurethral resection is possible in these group of patients. The most important prognostic factors are histologic stage and grade. Other factors that have been assessed include the presence of multicentric disease, the frequency of recurrence, the tumor size, and the presence or absence of concomitant CIS.
Non-muscle-invasive bladder cancers are classified into three groups, Ta, Tis (also referred CIS), and T1 lesions, based upon their growth pattern and depth of invasion. Stage Ta tumors are usually low grade. Although recurrence is common, especially in the setting of multiplicity, progression is rare. However, 2.9 to 18% of Ta tumors are high grade, with an average of 6.9% [6] . CIS is actually a flat, noninvasive urothelial carcinoma (UC) that is high grade by definition and is regarded as a precursor to the development of invasive high-grade cancer [6] . From 40 to 83% of patients with CIS will develop muscle invasion if untreated, especially if associated with papillary tumors [7] . Multicentricity presents another ominous characteristic of CIS [8] . T1 tumors are usually papillary and often have a narrow stalk; a nodular or sessile appearance suggests deeper invasion. Deep penetration into the lamina propria, especially if involving muscularis mucosae, increases the risk of recurrence and progression in some reports. Lymphovascular invasion, [9] pyuria, [10] and bladder neck involvement [11] also increase this risk.
Several large retrospective series have been analyzed, in an attempt to classify patients according to their risk of recurrence and progression to invasive disease [12, 13] . Patients with a Ta lesion at initial presentation, greater than 1 year between tumor recurrences, three or fewer lesions, small (≤3 cm), papillary appearing with a fine stalk, with no invasion of lamina propria and no associated CIS were considered as low risk. However, presence of multiple papillary recurrences within a short period of time, lesions more than three or any lesion >3 cm, sessile with a thick stalk, invasion of lamina propria, high-grade histology, and presence of CIS were considered as poor risk [14] .
There is very little information regarding long-term followups in patients with low-grade Ta tumors based on the 2004 WHO classification [15] . Most Ta tumors are known to recur and progress within 5 years of initial treatment; however, recent data support the need for long-term follow-up for more than 10-15 years in such patients even after an initial response to BCG therapy and a recurrence-free period for more than 5 years [16] . In this study, we have analyzed the clinical outcome of initially diagnosed multiple low-grade Ta tumors, with a special focus on tumor recurrence and worsening progression (WP) pattern.
Materials and Methods
We retrospectively reviewed the medical records and imaging (Figs. 1 and 2) of all patients who underwent TUR-BT with complete tumor resection during the period Jan 2007 to Dec 2016 at our hospital for an initially diagnosed multiple low-grade Ta tumors. This study was undertaken with permission obtained from the university/institutional ethical committee. We excluded all patients who had already undergone TUR-BT at another hospital or who had a history of upper tract urothelial cancer. All the pathological specimens were reassessed and reported by a dedicated uro-pathologist, with a special focus on the 2004 WHO grading system. All of the tumors were histologically confirmed as urothelial carcinoma. All patients received adjuvant post-operative (< 6 h) intravesical instillation of Mitomycin C. The use of adjuvant IVI of BCG depended primarily on patient's consent. All these patients were followed up with urine cytology and cystoscopy at 3-monthly intervals during the initial year, every 6 months for the next 2 years, and then yearly thereafter. Intravenous urography, ultrasonography, and/or CT scanning were used to evaluate distant metastasis and upper urinary tract recurrence (UTR) every year for at least 5 years. Recurrence was defined as the occurrence of a new tumor in the bladder. Worsening progression (WP) was defined as confirmed (1) high-grade Ta, all T1, or Tis/concomitant CIS of bladder recurrence, (2) upper tract recurrence, or (3) progression to ≥ T2.
The following factors were analyzed for each individual patient: age, gender, multiplicity, and smoking status. Smoking status was classified as either nonsmokers, those who had never smoked during their lifetime; or current smokers, those who still smoked regularly at the time of initial TUR-BT. Recurrence-free survival rate curves were constructed using the Kaplan-Meier method and were compared using the log-rank test. Differences among groups were regarded as significant when p < 0.05. Univariate and multivariate analyses of data were performed using the Cox proportional hazards model with stepwise forward selection. These analyses were performed with a statistical software package (IBM SPSS Version 20.0. Armonk, NY: IBM Corp.).
Results
A total of 42 (male 35, female 7) patients with a mean age of 57.3 ±7.99 years (range, 41-72) underwent TUR-BT for multiple low-grade Ta tumors during the study period and the median follow-up interval was 57.38 ±28.4 months (range, 12 to 118.). Twenty two patients including the 7 female patients gave no history of use of tobacco, whereas the remaining 20 patients used tobacco in the form of either smoking or chewing. The mean number of lesions identified and treated at the initial presentation were 4.73±1.17 (range, 3-7). Histopathological examination confirmed the lesions to be low-grade urothelial carcinoma (2004 WHO grading system) (Fig. 4) . All patients received intravesical instillation of mitomycin within 6 h of surgery. As per the departmental policy, all patients were advised intravesical instillation of BCG, only 25 patients had the six, weekly instillations. The remaining 17 either refused or did not turn up for the treatment. Of the 42 patients, 20 patients gave history of using tobacco (chewing or smoking) ( Table 1) .
Tumor recurrences occurred in 23 patients (54.76%). Most patients who had tumor recurrence could be diagnosed by the routine follow-up cystoscopic examination. When divided, the patients into two groups, those with or without tumor recurrence, there were no significant differences in age and gender between the two groups. Univariate and multivariate analyses demonstrated that use of tobacco and absence of IVI of BCG were significant risk factors for tumor recurrence. Recurrences developed in 10 and 13 patients belonging to the non-tobacco users and tobacco users group respectively. Similarly, recurrences developed in 8 and 12 patients belonging to IVI and non-IVI group, respectively. The Kaplan-Meier curves demonstrated that the 5-year recurrence-free survival rate for non-tobacco users (74.0%) was significantly higher than that for tobacco users (42.5%, p = 0.0001), and also higher for patients receiving intravesical instillation (84.2 vs. 30.0% without IVI, p = 0.0001) (Fig. 3a, b) .
A total of 8 (19.04%) patients developed worsening progression (WP). Three of the patients developed T1, one developed a high-grade Ta lesion, and two had T2 lesions. The T1 lesions were treated appropriately with TUR-BT and IVI of BCG (induction and maintenance), whereas the two patients with T2 disease and the one with high-grade multiple Ta lesions underwent radical cystectomy. None of the patients developed upper tract disease. Four patients died during the study period of which three died due to causes other than bladder cancer (Fig. 4) .
Discussion
Low-grade tumors rarely invade the lamina propria or detrusor. Low-grade Ta lesions recur at a rate of 50 to 70% and progress in approximately 5% of cases, whereas the highgrade T1 lesions recur in more than 80% of cases and progress in 50% of patients within 3 years. This behavior is primarily because of the grade, because it is well known that high-grade tumors progress with similar frequency regardless of whether they are invasive (T1) or noninvasive (Ta) [17] . This biologic behavior of low-grade versus high-grade lesions correlates with the known dual molecular lines of genetic development for these two pathways and supports the concept that highgrade and low-grade cancers may be considered as essentially different diseases [18, 19] . Chromosomal alterations caused by oxidative DNA damage create two separate genetic pathways to the development of urothelial carcinoma [20] . The first and more common (low grade) leads to noninvasive, papillary tumors. These usually follow an indolent course unless they convert to or are associated with a tumor of the second pathway [21] . UC is traditionally considered a field change disease, with tumors arising at different times and sites, rarely low-grade tumors subsequently develop highgrade tumors and nevertheless high-grade and low-grade lesions are known to coexist [16] .
Kobayashi et al. evaluated the clinical outcome of 190 patients with low-grade Ta bladder cancer followed up for a long (17)period [15] . Tumor recurrence and worsening progression (WP) occurred in 82 (43.2%) and 21 (11.1%) patients during follow-up (median follow-up 101.5 months), respectively. WP to high-grade Ta, all T1 or Tis/concomitant CIS was seen in 17 patients, and UTR and progression to equal to or more than T2 were seen in 2 and 2 patients, respectively. Multivariate analyses demonstrated that multiple tumor (p < 0.001, HR 2.97) and absence of intravesical instillation (IVI) (p < 0.001, HR 2.88) were significant risk factors for tumor recurrences while multiple tumor was the only risk factor for WP (p = 0.001, HR 5.26). After a 5-year tumor-free period, 9 patients experienced late recurrence in years 5 and 10 and were diagnosed at a follow-up cystoscopy; however, only 2 patients recurred beyond 10 years and were found by gross hematuria. There were no significant risk factors of late recurrence. Multiple tumors are a known risk factor for both tumor recurrence and WP. The authors suggested that routine follow-up of patients with low-grade Ta bladder cancer was needed up to 10 years from the initial diagnosis.
Zieger et al. reported on the natural history of 212 patients initially diagnosed with TaG1-2 tumors for up to 20 years [22] . Only 14 patients received intravesical instillation in their study. Ten of the 212 (4.7%) developed into TaG3 or CIS, 18 (8.5%) developed into T1, and 23 (10.8%) showed muscle invasion or distant metastases. Similarly, Prout et al. followed 178 patients with TaG1 bladder tumors for up to 10 years [23] . They reported that a change in grade or stage progression occurred in 13 (7.3%) patients, while only 14 patients (7.9%) received intravesical chemotherapy. Holmang et al. reported the outcomes in patients treated with BCG intravesical therapy who were tumor-free for more than 5 years (N = 204) [16] . Of the 204 patients, 110 (53.9%) had a G1 or G2 tumor. They stated that patients with TaG1-2 tumors treated with BCG have a very good long-term prognosis, but late recurrences were observed.
Our study clearly shows that patients with multiple lowgrade Ta lesions are at high risk to develop recurrences as well as progress. History of use of tobacco carried a high risk of recurrence in these patients and so also non-usage of IVI of BCG carried a high risk. In India, people are known to use tobacco both for smoking as well as for chewing. As of now, we do not know which among these two forms is associated with higher risk of recurrence. Our study clearly shows the beneficial effect of IVI of BCG in these patients. Though IVI of BCG is not indicated in low-grade, solitary Ta lesion, we believe that in cases of multiple tumors at presentation, BCG is useful to reduce recurrences as well as to prevent WP.
This present study of ours has several limitations. This study being a retrospective one with the number of patients being small, it is possible that unknown sources of bias may exist in the findings. Though all patients were given a single immediate post-operative instillation of chemotherapy within 24 h, further IVI of maintenance intravesical therapies with BCG was not carried out in all the patients, as it may have improved the results. Most of the patients in India are not covered by health insurance benefits and it is possible that 
Conclusion
In our study, the tumor recurrence rate and WP rate in patients with primary, multiple, low-grade Ta bladder cancer were 54.76 and 19.04%, respectively. Multiple tumors was a risk factor for both tumor recurrence and WP. Our results suggest that routine follow-up of patients with low-grade multiple Ta bladder cancer is definitely needed for long period after the initial diagnosis.
